Background: The ubiquitin ligase Cbl-b potently modulates T lymphocyte immune responses and is critical in modulating tumor-induced immunosuppression. The influence of Cbl-b in modulating T lymphocyte activity against prostate cancer remains ill defined. We have determined the effects of silencing Cbl-b expression in T lymphocytes and their subsequent cytotoxic activity against prostate cancer cells. Methods: T lymphocytes were isolated from the spleens of C57BL/6 mice. Lipofectamine-directed transfection of T lymphocytes with specific small interfering RNA (siRNA) silenced Cbl-b expression, which was confirmed by Western immunoblotting. The siRNA species were chosen that promoted the greatest transfection efficiency and dampened Cbl-b expression in T lymphocytes. The expression of CD69, CD25, and CD71 by the transfected T lymphocytes was determined by flow cytometry. T lymphocyte proliferation was assessed by CCK-8 assay. Enzyme-linked immunosorbent assay (ELISA) was used to measure the secretion of interleukin (IL)-2, interferon (IFN)-g, and tumor necrosis factor (TNF)-b. The objective was to compare the cytotoxic activity of transfected T lymphocytes and nontransfected (i.e., negative control) T lymphocytes against the murine prostate cancer cell line target RM-1 in vitro. Results: We selected a specific siRNA that decreased T lymphocyte Cbl-b expression to 15%. The siRNA-transfected T lymphocytes showed higher proliferation; higher CD69, CD25, and CD71 expression ( p < 0.001); and higher IL-2, IFN-g, and TNF-b secretion ( p < 0.05), compared to the nontransfected cells. Transfected T lymphocytes were also more potent at killing RM-1 prostate cancer cells, compared to the negative control in vitro. Conclusion: Silencing Cbl-b significantly enhanced T lymphocyte function and T lymphocyte cytotoxicity activity against a model prostate cancer cell line in vitro. This study suggests a potentially novel immunotherapeutic strategy against prostate cancer.
Introduction
Prostate cancer is the second most prevalent cancer in men and accounts for approximately 14% of all male cancers worldwide. 1 The treatment of advanced prostate cancer is predominantly achieved with hormone therapy. However, most patients over time develop metastatic disease, despite androgen ablation. This state is referred to as castrationresistant prostate cancer. 2 Patients presenting with castrationresistant prostate cancer have limited treatment options available to them, and a poor prognosis.
Evidence has shown that a defective immune response may be present in the setting of prostate cancer. Despite the presence of immunological effector T cells, which recognize tumor-associated antigens in prostate tissue, T cells are actively tolerant to the tumor, and become incapable of mediating a tumoricidal response. 3 In addition, the tumor microenvironment is highly immunosuppressive, which is closely associated with the augmented expression of transforming growth factor (TGF)-b and the presence of CD4þ regulatory T cells. 4, 5 A key question is how to effectively activate tumor-specific and cell-mediated immunity in adopting immunotherapeutic targeting of prostate cancer. Several Phase I/II clinical trials have demonstrated that treating individuals with dendritic cell-based immunotherapeutic vaccines can effectively activate T cell-mediated immunity, which results in greatly improved median overall survival rates and a relative reduction in the risk of death, compared to treating individuals with a placebo. 6e8 Thus, strengthening the antitumor immune response, especially by enhancing T cell activation, provides a promising immunotherapeutic approach for targeting prostate cancer.
The first E3 ligase to be identified as a major participant in cell-mediated immunity was Cb1-b, whose key function is to ensure a delicate balance between T cell activation, immunological tolerance, and autoimmunity in vivo. 9 When total Cbl-b is ablated, T cells exhibit a hyperactivated state, a predilection to spontaneous autoimmunity, and markedly increased secretion of interleukin (IL)-2, IL-17, and interferon gamma (IFN-g). The total ablation of Cb1-b moreover promotes spontaneous tumor rejection in gene knockout mouse models in vivo. This has been demonstrated in cancers such as leukemia, 10 skin cancer, 11 TC1 tumor cells, 12 and lymphoma. 13 However, to the best of our knowledge, we have not seen any reports in the context of Cb1-b and prostate cancer. Furthermore, small interfering RNAs (siRNAs) hold great promise as a reversible therapeutic tool, compared to gene knockout approaches. Bearing that in mind, we used sequencespecific siRNA to silence the expression of Cbl-b and studied changes in the immunoreactivity of splenic T cells in a mouse model. We also assessed the immunological and tumoricidal activity of the transfected T cells against the prostate cancer cell line RM-1 in vitro.
Methods

Reagents and antibodies
Anti-CD3-FITC (clone 145-2C11), anti-CD69-PE (clone H1.2F3), anti-CD25-Percp-cy5.5 (clone PC61), anti-CD71-FITC (clone C2F2), and mouse T lymphocyte enrichment set-DM were all obtained from BD Biosciences Pharmingen (San Diego, CA, USA). Antimouse CD3 functional antibody (clone 17A2) was purchased from eBioscience (San Diego, CA, USA). The cell counting kit-8 and the total protein extraction kit were both obtained from KeyGen Biotech (Nanjing, China). The Lowry protein assay kit was obtained from Sangon Biotech (Shanghai, China). The antibody targeted against Cbl-b was obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Concanavalin A (Con A) and peroxidase-conjugated rabbit antimouse immunoglobulin G were obtained from Sigma (Saint Louis, MS, USA). Lipofectamine 2000 was obtained from Invitrogen (Carlsbad, CA, USA). Roswell Park Memorial Institute Medium (RPMI) 1640 culture medium, Opti-MEM medium, and fetal calf serum (FCS) were all obtained from Gibco (Grand Island, NY, USA). Cytokine-detecting enzyme-linked immunosorbent assay (ELISA) kits were obtained from Wuhan Boster Biological Technology (Hubei, China). The cytokines used were IL-2, IFN-g, and tumor necrosis factor (TNF)-b.
Mice and prostate cancer cell line
Male C57BL/6 mice were obtained from the Chinese Academy of Sciences (Shanghai, China) and were maintained under specific pathogen-free conditions. All experiments were performed in accordance with protocols approved by the Institutional Animal Care and Use Committee (Tongji University, Shanghai, China). Mice were sacrificed at age 6e8-weeks-old. The mouse prostate cancer cell line (RM-1) was obtained from Shanghai Cellular Institute of The China Scientific Academy (Shanghai, China) and maintained in RPMI 1640 culture medium supplemented with heat-inactivated FCS (10%), penicillin (100 U/mL), and streptomycin sulfate (100 mg/mL). The RM-1 cell line was cultured at 37 C in 5% carbon dioxide (CO 2 ) and in a fully humidified incubator. The Cbl-b siRNA and control siRNA were obtained from GeneChem (Shanghai, China). The sequence of the Cbl-b siRNA was 5'-UGAGAUGCCCUG AUAUUAAtt-3' (sense strand) and 5'-UUAAUAUCAGGGCAU CUCAtt-3'' (antisense strand).
T lymphocytes enrichment and identification
BD IMag Mouse T Lymphocyte Enrichment microbeads (BD Biosciences) were used for the negative selection of T lymphocytes from male C57BL/6 mice spleen. In accordance with the manufacturer's protocol, we isolated 1e2 Â 10 6 T lymphocytes for each mouse spleen. The T lymphocytes were maintained in RPMI 1640 medium supplemented with 10% heat-inactivated FCS, and 5 mg/mL Con A. The T cells were stained with fluorescein isothiocyanate (FITC)-conjugated antimouse CD3e mAb and detected by flow cytometry. The T cell purity was >95.9%. The T lymphocytes were cultured at 37 C in 5% CO 2 within a fully humidified incubator.
Transfection of T lymphocytes
The T cells were cultured to 80e90% confluence at the time of transfection. Single cell suspensions were prepared at a density of 2.0 Â 10 5 /mL and seeded to 24-well plates in a volume of 400 mL/well. The transfections were performed in accordance with the manufacturer's instructions. In brief, 2 mL of Lipofectamine 2000 (Invitrogen) and 6 mL of sequencespecific siRNA were added into 20 mL of opti-MEM (Gibco) reduced serum medium, mixed gently, and incubated for 5 minutes at room temperature. The diluted siRNA was combined with the diluted Lipofectamine 2000 (Invitrogen) and incubated for 20 minutes at room temperature. The siRNALipofectamine 2000 complexes were added to each well containing the cells and the culture medium; 60 mL of mouse CD3 functional antibody was afterwards added to each well wherein the final concentration of the mouse CD3 functional antibody was 1 mg/mL. After an incubation period of 6 hours at 37 C, 80 mL of FCS was added to each well. T cells that had been transfected with scrambled siRNA served as the negative control. The transfection efficiency was measured by flow cytometry using fluorescent-labeled siRNA (NC-FAM) using the exact same methods as described previously.
Western immunoblot detection of Cbl-b protein expression
At 48 hours after transfecting the T cells, Cbl-b proteins were extracted using the total protein extraction kit in accordance with the manufacturer's protocol. Protein concentrations were determined by the Lowry method. Total proteins (30e50 mg) were subjected to sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) and transferred to nitrocellulose membranes. The membranes were blocked with 1% bovine serum albumin in Tris-buffered saline Tween-20 (TBST) at room temperature for 1 hour, and then incubated overnight with the indicated primary antibodies (at 1:1000 dilution) at 4 C. After washing with TBST, the membranes were incubated with the appropriate horseradish peroxidase-conjugated secondary antibodies (at 1:1500 dilution) for 45 minutes at room temperature. Visualization of the antibody-bound protein bands was achieved by using an enhanced chemiluminesence reagent. The protein bands were quantified by the computerized imaging program Quantity One (Bio-Rad, CA, USA). Data were normalized to the reference bands corresponding to the housekeeping protein b-actin.
Flow cytometric assay of CD69, CD25, and CD71 expression
The cell surface expressions of CD69, CD25, and CD71 were assessed after culturing for 12 hours, 24 hours, and 48 hours. All cells were washed twice in phosphate-buffered saline buffer, after which the cells were stained with a combination of anti-PE-CD69, anti-Percp-cy5.5-CD25, or anti-CD71-FITC for 30 minutes at room temperature in the dark. The cells were washed twice in phosphate-buffered saline buffer and samples were evaluated by flow cytometry. Data were analyzed using the CellQuest software program (Becton Dickinson and Company, San Jose, CA, USA).
ELISA assay of cytokine secretion
Mouse T cells at a density of 2 Â 10 5 cells/mL were seeded into 24-well microplates and cultured in the presence of mouse CD3 functional antibody (1 mg/mL). After 48 hours, the supernatants were collected and centrifuged to remove the transfected cells. In accordance with the manufacturer's instructions, transfected T cell culture supernatants were measured by ELISA for the secretion of IL-2, INF-g, and TNF-b.
Assay of T lymphocyte proliferation
Cell proliferation was measured by the CCK-8 assay. After 48 hours, the transfected T cell suspensions were transferred to a 96-well orifice plate as 100-mL cell suspensions Ten microliters of the CCK-8 reagent were then added to each well at a volume ratio of 10:1. The plated cells were incubated for another 4 hours at 37 C in a 5% CO 2 and fully humidified cell culture incubator. The absorbance was measured for each well at a wavelength of 450 nm using a microplate reader (Bio-Rad Model 3550; Bio-Rad).
Assay of the killing activity of transfected T lymphocytes against RM-1 cells
The killing activity of transfected T cells against the RM-1 prostate cancer target cells was measured as previously described.
14 The RM-1 cells were cultured in 96-well microtiter plates at a density of 1 Â 10 4 cells/well and in a total volume of 100 mL. Transfected T cells prepared as described previously, and T cells that were transfected with scrambled siRNA (i.e., negative control) were used as the effector (E) cells. Effector T cells were added at a density of 80 Â C in a 5% CO 2 and fully humidified incubator and subjected to the CCK-8 assay. The killing activity was calculated according to the following equation:
in which ODT is the optical density value of the target cell controls, ODE þ T is the optical density value of the test samples, and ODE is the optical density value of the effectors cell controls.
Statistical analysis
The data were expressed as the mean ± standard deviation (SD). The figures show the mean ± standard error of the mean (SEM). The differences between the groups were determined by the Student t test. An alpha value of p < 0.05 was considered statistically significant. Statistical analysis was performed using SPSS analysis software (IBM, NY, USA).
Results
The determination of T lymphocyte transfection efficiency and Cbl-b protein expression
After 6 hours of transfection, the efficiency of T cell transfection was determined by flow cytometry. The transfection efficiency of the T cells remained relatively stable, and the highest transfection efficiency was 87.13% (Fig. 1A) . Green fluorescence was observed by fluorescence microscopy of T cells transfected with fluorescein amidite (FAM)-siRNA (Fig. 1B) .
FAM is related to the green fluorescent group with blue excitation at a wavelength of 480 nm. With a fluorescence pattern scattered in the cytoplasm, FAM green fluorescence was only observed in successfully transfected T cells. After 48 hours of transfection, Western immunoblot analysis of Cbl-b protein expression was determined (Fig. 1C) and compared to the negative control and the blank groups. The expression of Cbl-b protein in the transfected T cell group was significantly lower.
Silencing the Cbl-b gene promotes cell surface expression of CD69, CD25, and CD71
The cell surface expression of CD69, CD25, and CD71 were assessed by flow cytometric analysis 12 hours, 24 hours, and 48 hours after the cells had been transfected. The mean percent expression for CD69 was significantly higher in the transfected group (68.44 ± 5.89%) than in the negative control group (24.29 ± 2.06%) or the blank group (26.91 ± 2.77%; p < 0.001). The mean percentage value of CD25 was significantly higher in the transfection group (19.27 ± 1.84%) than in the negative control group (8.18 ± 0.71%) or the blank group (9.25 ± 0.65%; p < 0.001). The mean percentage value of CD71 was significantly higher in the transfection group (43.26 ± 3.89%) than in the negative control group (23.99 ± 1.97%) or the blank group (28.09 ± 2.15%; p < 0.001). Fig. 2 shows the results.
Silencing the Cbl-b gene augments the secretion of IL-2, IFN-g, and TNF-b
The secretion of IL-2, IFN-g, and TNF-b in the T cell supernatant was measured 48 hours after the cells were transfected (Fig. 3) . The secretion levels of IL-2 and TNF-b were significantly higher in the transfected T cell group in comparison to either the negative control group or the blank group ( p < 0.001). The secretion of IFN-g in the transfection group was only marginally enhanced in the transfected T cell group, compared to the negative control or blank control groups ( p < 0.05).
Silencing the Cbl-b gene augments T cell proliferation
After 48 hours of transfection, T cell proliferation was evaluated by the CCK-8 assay (Fig. 4) . The absorbance values (A450) of the transfected T cell group, negative control group, and blank group were 0.763 ± 0.063, 0.356 ± 0.039, and 0.383 ± 0.015, respectively. The proliferation was markedly higher in the transfected T cell group than in the blank or control groups ( p < 0.001).
Silencing Cbl-b gene expression augments T cell killing of RM-1 cells in vitro
At 48 hours after transfection, T cells were cocultured with RM-1 cells in 100 mL of 1:1 mixture of RPMI 1640 culture medium. The killing activity was analyzed by the CCK-8 assay. The killing activity of the transfected T cells (i.e., the effectors) against RM-1 prostate cancer cells (i.e., the targets) was higher than the killing activity in the negative control group or blank group at each effect to target ratio (Fig. 5 , p < 0.05). The killing activity was incrementally enhanced as the effector to target ratio increased, and reached a maximum (62.24 ± 3.82%) at the effector to target ratio of 80:1.
Discussion
T cells can be specifically activated to eradicate cancer, and thus have a critical role in antitumor immunity. The stimulation of a tumor-specific T cell response has more theoretical advantages than other forms of cancer treatment. On one hand, T cells can continue to proliferate and be activated in response to tumor-associated immunogenic proteins expressed by a particular cancer until all tumor cells are eradicated. By contrast, immunological memory can be generated to kill antigen-bearing tumor cells should they recur. 15 T cell activation is a series of complex signal transduction pathways that are initiated by molecular interactions. Cbl-b actively regulates several key signaling molecules such as ZAP70, P85, VAV, PLC-g, and PKC-q. Each of these signaling molecules are involved in T cell activation and collectively establish the aneroid state. 16 Cbl-b knockout T cells hyperproliferate and, interestingly, bypass the requirement for CD28 costimulation. 17 Furthermore, Cbl-b participates in peripheral T cell tolerance by regulating resistance to CD4þ T regulatory cells and TGF-b-induced immunosuppression. 18 It may be that prostate cancer is more immunogenic than previously understood and is able to induce spontaneous autoantibodies in patients. 19 In addition, prostate cancer progresses relatively slowly, which provides a sufficient period of time for the host to generate an optimal antitumor immune response. 20 Therefore, Cbl-b may provide novel opportunities for the development of an effective immunotherapeutic strategy to target prostate cancer.
In the current study, we investigated whether silencing the Cbl-b gene could effectively promote the activation and proliferation of T cells using siRNA technology. We cultured cells in vitro with an antimouse CD3 functional antibody (1 mg/mL) that can specifically react with the mouse CD3 complex and initiate intracellular biochemical pathways that drive cellular activation and proliferation. However, the complete activation of peripheral T cells is regulated by the T cell receptor complex and costimulatory signals that are provided by antigenpresenting cells such as dendritic cells. 21 For example, CD28 has an essential role in discriminating activation from tolerance signaling. 17 Only stimulation through the T cell receptor alone leads to an anergic state of naïve T cells. However, Cbl-b knockout T cells produce high levels of IL-2 and proliferate vigorously after anti-CD3 stimulation alone. 22 Activated proliferating T cells express several surface molecules, including CD25, CD69, and CD71, which are usually poorly expressed or absent altogether on resting cells and are thus referred to as "activation antigens". 23 A combination of flow cytometric analysis of the expression of these markers with cell proliferation assays may improve our understanding of events leading to efficient cell-mediated immune responses. 24 The cell surface presence of CD69, CD25, and CD71 are sequentially expressed after mitogenic stimulation (e.g., Con A). We found that the efficiency gradually decreased with time under the conditions of Cbl-b gene silencing. Thus, we designed experiments to observe the expression of CD69, CD25, and CD71 at the time points of 12 hours, 24 hours, and 48 hours. In addition, cytokines affect proliferation, differentiation, and functional activation of T cells that regulate cellular and humoral immune responses. By binding to specific cell surface receptors, IL-2 drives the proliferation of T cells, augments the cytotoxic activity of T cells, and generates lymphokine-activated killer cells in vivo. The secretion of IFN-g by activated T cells (and other immune cells) serves many important immunopotentiating effects such as regulating several aspects of the immune response; stimulating antigen presentation through Class I and Class II major histocompatibility complex receptors; and through its effects on T cell proliferation and apoptosis. 26 By contrast, TNF-b is primarily secreted by T cells and promotes thymocyte proliferation, activation, and differentiation, and it is widely involved in inflammation and in the immune response. 27 Our study showed that silencing the expression of the Cbl-b gene can induce T cell proliferation (Fig. 4) and the secretion of IL-2, IFN-g, and TNF-b (Fig. 3) . Silencing the Cb1-b gene also augmented the expression of CD69, CD25, and CD71 (Fig. 2) . Thus, siRNA-mediated silencing of the Cbl-b gene promotes the activation and proliferation of T cells in vitro.
We furthermore studied whether silencing the Cbl-b gene could improve the cytotoxic activity of T cells against RM-1 prostate cancer cells in vitro. The RM-1 prostate cancer cell line originated from C57BL/6 mice. 28 Our data indicated that T cells transfected with Cbl-b-specific siRNA displayed a greater killing ability against RM-1, compared to control T cells that were transfected with scrambled siRNA at different E:T ratios (Fig. 5) . Our observations suggested that silencing Cbl-b by siRNA enhanced the cytotoxic activity of T cells against RM-1 prostate cancer cells and thus provided a proofof-concept that this approach is indeed possible. This approach could be a promising therapeutic option in the treatment of prostate cancer and, interestingly, could indicate a similar role for targeting Cbl-b in leukemia, 10 skin cancer, 11 TC1 tumor cells, 12 and lymphoma. 13 The effect of inhibiting tumors by an approach such as we have described in the current report certainly requires further verification in animal models. In this way, the mechanisms involved could be explored. Previous studies in animal models showed that the Cbl-b knockout mutation enhanced CD8þ T cell-mediated antitumor immunity. This observation could be explained by the fact that these cells may respond to antigenic stimulation, independent of CD28 costimulation, and thus bypass the suppressive effect otherwise mediated by TGF-b secreted by the tumor environment. Whether a similar mechanism operates in vitro also remains to be determined. We speculate that T cells transfected with siRNA demonstrate enhanced cytotoxic activity against RM-1 prostate cancer cells, partly because of CD28-independent activation and the pattern of the secreted cytokines. The killing ability of the transfected T cells interestingly was not significantly different when the effector T cell to target cell ratio was 40:1 or 80:1. We thus speculate that the cytotoxicity activity of T cells had achieved a saturation point when the ratio was 40:1. In conclusion, our results indicate that silencing Cbl-b gene expression by specific siRNA can enhance the cytotoxicity activity of T cells against RM-1 prostate cancer cells in vitro and it does so by promoting the immune activation of T lymphocytes.
